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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
MEASUREMENTS OFF FLYING QUALITIES OF
A CURTISS SEZ2C-1 AIRPLANE
- (NO. 00014)*"
By WH -l;k‘li'.l'lips, W. C. Williams,

and H. H. Hoover
. INTRODUCTION

At the .request of the Bureau of Aeronautics, Navy
Dapartment, .the 'flying qualities of a Curtiss 8B2C-1 air-
plane (No. 00014) have been measured.” The tests were
conducted at Langley Field, Va,, between April 27 and
May 22, 1943.. In addition to complete tests of the
airplane in its. original condition, tests were made. to
determine the.effect of a bobweight in the elevator
system, and the effsct of seals 1In the aileron gaps.
Fourteen flights.and-approximately 18 hours of flying
time were required to complete the.tests. Measurements
of structural loads were .mads on'two other Curtiss
SB2C-1 airpldnes, Nos. 00056 arid 00140. Certain addi-
tional information with regard to the flying gualities
that was obtained in these fnvestfgations is also
presented. e

. ' -
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DESCRIPTION OF THE CURTISS SB2C~1 AIRPLANE

+ The 'gp2c¢-~1'airplane is a two-place, single-engine,
low-wing cantilever monoplane wfth retractable landfng
gear and partial-span split flaps (fIgS. 1to 4). All
data gfven in this report apply to airplane No. 00014
unless otherwise noted. Airplane No. 00056 did not
differ from®™No, 00014 except in minor details of the
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canopy and radto installation. Airplane No. 00140 was
equipped with a more rigid wing and stabilizer. The nose

cn the elevator balance of No. 00140 \iv_as modified to
have a smaller radius, and for some flights a rudder with

twfce the normal number of ribs was used. The general
specifications of the airplane follow:

mand typa ..l-..ll-..ll-..ll-..ll-..llCurtiss SBZC’l
(Bureau OfF Aeronautics No. 00014)

ENQINE susssssnnnnnnnnnnnnnnnnnns Curtiss-Wright R-2600-8
Rated.::

Take_off lIllllllllllllllllllllllllllll‘?oo hp a.t S-L-

Military (low blower) sasassss 1700 hp S.L. t0o 3000 £t

NOI’ma| IO_W blower) EEEEEEES N 1500 hp S.L. ‘tO 6700 ft

Normal (highblower) .a..a.s. 1350 hp 6700 to 13,000 £t
Gear ratio llllllIllllllllllllllllllllllllllllllllll167=9
Propellers

Diameter " B E NN EEEENEEEEEENESEEEESEEEE NN EEE NN EEEEEEBERGSR 12 ft

Number of bladeS suwvssssnnssssssnnsnnnnnnnnnnnnns 3
Fuel Capagfty " E E B EEEEEEEENEEENEEEEENEENEENEENEEENEEENEE N ENEERBEGSR 290 gal
Oll Ca‘pa_CIty llllllllllllllllllllllllllllllllllll25 gal
Empty Welght llllllllllllllllllllllllllllllllll10,114 lb
Normal gross weight eeeeceveeceorsscsneecnssess 12,677 1b
Wing loadfng (normal gross weight) sssssssss30.1 1b/sq ft
Power loading (normal gross weight) seswssssss 7.46 1b/hp
Over-all height (thrust axis level) «saaasas 16 £t 11 in.
Over-all length siiivisvsnnnsssssnnnnnssssnss 36 £t 8 inN.

Wing: .
gpan -.-.l.l....-.-.l......-.l.l....-.-.l49 ft&-—ginl

Area (including ailerons and 21.6 sq ft
queIage) llllllllllllllllllllllllllllll422 sq_ ft
Airfoil section:
ROOl vcvieeeeencosisonnnncsiseoasonsssss NACA 23017
Tip lllllllllllllllllllllllllllllllllllNACA 23009
Aspect ratio @ E E BB EEEEEEEEESEEEEEEEE NN NN NN NN EGRERBESR 5-87
Mean aerodynamic Chord .sessssssssssssssssss 109.3 in.
Distance behind leading edge of wing
a.t root " E B BB EEEEEEENEEEEEEEE NN EEEEEGEGR RSB 0'54 in-
Ta. er ratio lllllllllllllllllllllllllllllll2.32 to 1
Dihedral (leading edge of WiNng) ssssssssssssgges 6.0°
.Incidence o at root, =" at tip

&%‘fﬁé%ﬁ&éﬁ’é&?{% tbges obnwippE? .and. . .5 ..2..00. oo
lower surfacés) .sssssssssssssssssssnnss 52.2 89 FE
Maximum deflection (landing). ..... 0° up, 60° down
Maximum deflection (diving) .. .., 450 up, 45° down

Slat (extends.with landing gear}..Covers 29.4 percent

span inboard of rounded tip
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Eorizontal tail: i
Sp&l’l @ 906090800 ae02 98 W06 RGO 0 86000 ErEEOEESDE 19ft2'|n.
Total horizontal-tail srea including

arsa through fuselage seec secccsscscss 107.4 89 ft

Elevator balance area rforward of
hinge line ...eciioecceocccscscanensss 10.08 89 ft

Blevator -area aft of hinge line
including trim tab ... ccvvereeveenaeas 27.8 s8g ft
Trfm tab area (left side) ceeceoeccensees 1.42 s8g ft

Balance tab (rgghtside))locked
- Horizontal-tail section ....... Modified NACA .00090-64
Stabilizer fNCFAENCE secevvevoronoonnaassoasssesasd.0°
Elevator fabric tension®(airplane 00014).. 4.9 1b/in.
(airvlane 00140) .. 3.1 1b/in.

Vertical tail surfaces:

Total vertical-tail Ar€a cesveessoccscasess 457 sq £t
Rudder balance area forward cf

hinge lINE ticveveroocsrtsasossasanessae 3.0 8q Ft
Ruddsr area aft hinge line

including trim tab ...cvvviesoesoncnces 19.2 8g fE
Rudder trim tab are8 .....eeveveovcocvosesr 1.42 s8q £t
Balance tab locked

Ailsrons:

Aileron area aft hings line (each afleron). 13.7 sq ft
aileron chord, psrcent wing chord .ecevosccccecaas 24
Aileron balance chord, percent

aileron chord cocvocececsccconsasscsncsnennane 31.7

_ Inboard end of ailéron to center line

OF BIPPLANE +veeoecowvoroosnorossonsesess 0.58 b/2
Outboard end of ailsron tO center line

OF BIYDLANE cocvovoooonssconcconscnonasass 0.93 b/2
Aileron tab area (left sige trim, right

side balance) each ....cceeneaeeacesass G.62 sq ft

&The elsvator fabric tension was measured quantitatively

with a special instrument. A tension of 3 pounds per
Lnch is considered normally tight.

The relation between control deflections and stick
and rudder pedal positions with no load on the surfaces

1S given in figure 5, Elevator and rudder angles are

gfven with respect to the thrust axis throughout this
report. Tab settings given on the figures refer to trim
tab angles, not cockpit-indicator readings. Sections of
the horfzontal tail, vertical tail, and aileron installa-
ion are given In figures 6, 7, and 8, respectively, The



lettered sections given on these figures correspond to
the lettered sections given on figure 4.

o The product of the span and chord squared, on which
hinge-moment coefficients ror the various control surfaces
are based, is as follows:

Elevat’or,.,"go.gg.ooo.o,lu.uo.uulll'eo-t.aon.oeo.oo.-oc 4:8
Aileron (each),..,.., cecocessscsscacensvascosssces 22.2
RUdder.-....a..-.-o.o.a.....o.....-oo........o.o.ao 44'5

The friction of the control system was as follows:
1. Z=Elevator-cortrol zystem *5 pounds
2. Alleron-control system +4 pounds

2. Rudder-control system ~ Friction varied with
rudder position (See fig. 9.) At large deflectfon, the
force required to move thes ruddsr ON the ground was due
In part to springiness in the control systen.

The elevator; and ailsron friction was about the
maximum allowable vnder Requirement C-6 of rsfersnce 1,
The rudder friction at most rudder positions exceeded
that allowable under the above requiremsnt =

Figure 10 gives a drawing Of the bobwsight in the
evator-control system as used in tns longitudinal sta-
lity and control tests at the more rearward writer-of-

avity positions.
INSTRUMSNTATION

Standard NACA photographically recording instruments
were used to msasure the various quantities necessary to
determire the flying qualities of the subject airplane,
The records were synchronized- by means of a timer. The
instruments used and the quantities measured follow:

A
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Recording instrument Quantity measured
Airspeed recorder Indicated airspeed
Three-component Normal, longitudinal, and

accelerometer transverse acceleration
Roll turn meter Rolling velocity
Pitclh turn meter Pitching velocity
Inclinometer Angle of bank

..Yaw-angle recorder ‘«mWWmsldesllp angle. . .

-Stlck—iorce recorder §ﬁ$“f Aileron and elevatorlstlok
. o wl force A

* Rudder~force ‘recorder: “Rudder-psdal for'ﬁce

Control-position recorder Rudder, elevator, and aileron
. «.i position (measured at the
surface)

1

Timer , ol ,* :f.‘»; SRR T:Lme %
: The_yaw vane used wilth! the. yaw -ang le recorder was
mounted 1 chond length ahéad of jthe left wing tip.
Indicated alI‘Speed was meashured m,th a swiveling static
head and:d shielded total.héad mounted . -1 chord length
ahead; of the rlght wing tip, The airspeed used through-
out thls veport, called correct service indicated air-

speed,'ms defined by.the formula-{

',vi 45 08 fo Ve
i

whers Lana il biaelnd e d

0

Vs, Corrétt Fervics fridicated airspeed, miles per hour
fo standard sea-levé 1l compressibility correction factor
Qe measured difference between total and static pres-

sures corrected for pitot-static position error,

inches of water

(Not:: that this indicated airspeed corresponds to the
reading of a pilot's meter connected to a pitot-static
installation that has no position error.)



TESTS

The afrplane was flown at center-of-gravity loca-

tions ranging from 23.8 to 31.3 percent M.A.C.
from 12,000 :to 12,700 pounds.

weight v

arie

some forward shift of the center of gravity with gas

consumption.

rected for this effect.

The gross
There was

The center-of-gravity positions were cor-

The flight conditions used in the tests are defined

be low.
‘ |Bomb bay ERTE N | o Mani fold
Condition| @&nd Fla LandIng| Fronti Rear | Cowl ~m | PTESSUrg
* vision |- Pe gear hood | hood | flaps Rpm in. Hg ay
doors C 5 15000 £t
Gliding |Closed © Up Up Closed |Closed|Closed |Power| Power
, : off | off
Climbing |Closed -| Up Up |Closed|Closed| Open |2L,00 | 38 °
Lending |Closed Down Down Open |Closed|Closed [Fower|Power
, - off ‘off
Approach Closed |One-half Down Open {Closed| Open 2400 | 21
down | oo Rl
Wave-off |Closed Down. Down .”‘Oﬁén ;Glbééd“.dpeﬁ 2Loo | 38
Dive flaps| bive flaos | S A ) S
open Open Lve P51 up Open -|{Closed|Closed [Power|Fower
(Power off) open S joff ] off
Dive flaps L :
open Open Dive flaps | pp Open [Closed|Closed {2100 | 25
(Power on) open

In addition to the prescribed tests for the flying-
gualities investigation, tests were also made of the
longitudinal stability and control with a bobwelght

requiring a pull force of 11 pounds on the stick.’

of the bobweight installation are giver in figure 10.

Details
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RESULTS AND DISCUSSION

~ The results are presented and analyzed in the order
given in reference 2 with reference made to the specific
requirements of reference 1.

I. Longitudinal Stability and Control,

I-A. Characteristics of uncontrolled longitudinal
motion

The characteristics of the uncontrolled longi-
tudinal motion were investigated at various speeds through
the speed range in the clim%ing and gliding condition. In
these tests the airplane was trimmed a't the given speed
and continuous records were taken while the pilot abruptly
deflected and released the elevator. No oscillation
ensued. in elther condition at any speed tested. Typical
time hfstorfes of this maneuver are gfven in figure 11.

It should be noted from this figure that although the
elevator did not oscillate, it did not return to trim
because of the friction force.

I-E. Characteristics of elevator control in steady
flight

The characteristics of elevator control in
steady flight, at speeds ranging from the stall to moder-
ately high speeds, were obtained by measuring the elevator
angle and force required to trim wfth at least two
center-of-gravity positions in each. of the various condi=-
tions of flight. The following table lists the flight
conditions tested, the center-of-gravity position, whether
or not the bobweight was installed and the figures in
which the experimental data are presented.



RES iti Center-of-gravity| Control : .
Ellgntlcondlthnh position | system ngure no
Gliding 24.55 and 28.0 | Normal 12
Gliding 31.3 Hobwelght 12
C1imbing 24.9 and 28.54 Normal 13
Climbing 31.6 [Bobweight 13
Ihive flaps open |
| (powsr on) 24.4 Normal 14(a)
Div?pgézgsog en 29.25 ;Bobweight' 1l4(a)
Dive flaps open 5 S
. (power off) 24.4 Normal 14(Db)
pive flaps open .
Landing 25.7 and 26.8 Normal 14(c)
Approach 24,7 and 28.0° Bormal 15¢a)
Wave~off  {24.0, 24.3,and 27.§ Normal 15(b)

~ The directional trfm characteristics as well as
the longitudinal stability data are Included In the fore-
going figures.

. The static longitudinal stability data were
evaluated to determine the stick-fixed and stfck-free
neutral points by the following methods. Figures were pre-
pared showing the variation of' elevator angle &g with
the airplane lift coefficient ¢ for each center-of-
gravity position in various conditions of flight. Typical
figures of this type are fncluded (figs. 16 and 17) In
o¥der to illustrate the degree of accuracy of the data.
The slopes of these curves were measured at representative
values of the 1irt coefficient and were plotted as func-
tions of' center-of-gravity position in figure 18. The
stick-fixed neutral-stability points are found from this
figure as tbe center-of~gravity position at which the
slope dds/dCr, = 0. Figures were also prepared which .
showed the variation of slevator force divided by dynamic
pressure F/g with girplane IITt coefficient. The slopés



of these curves were also measured at representative lift
coefficients and plotted ss functions of center-of-gravity
position on figure 18, The stick-free neutral point is
defined as the center-~of~gravity position at which the

I

slope 3%": 0. Accurate measurements of the elevator-
L .
stfck forces, however, were difficult because of the fric-
tfon force in the elevator-control system that caused a
force on the grip of the stick of' about 5 pounds when the
stick was moved slowly in either direction. This source
of error must be kept in mind when interpreting the
results of the elevator-stick~force measurements.

The following facts regarding the static longi-
tudinal stebility of the SReC-1 airplane are shown by
figures 12 to 18. :

(a) The stick-fixed neutral-stability point in
tha gliding condition was betwesn 33 and 34 percent
of the mean asrodynamic chord. Application of rated
power (climbing condition) caused a large desta-
bilizing effsct, especially at speeds near that; used
for best climb. In the climbing condition at an air-
plane lift cosfficient of 1.0, the stick~fixed
neutral point was at 26 percent of the mean aero-
dynamic chord.

(b) The stick-fixed neutral-stability point in
the landing condftion was at about 31 percent of the
mean aerodynamic chord. Application of power with
flaps down as with Slaps up caused a large desta-
bilizing effect as shown by the .curves for the
approach and wave-off condition.

(c) With the dive flaps sxtended, power off,
the static stability was almost the same as in the
gliding condftion. The most unstable condition
encountered in the tests was with dive flaps extended,
power on, at speeds near the stall. 'at higher speeds
In this condition, the stability was almost the same
as In the climbing condition.

(a) Requirement D-6 of raference 1 specifies
that the stick-ffxed stability should be such that
in the gliding and landing condition, the movement
of the top of the stick shall not be less than
4 inches In trimming from the maximum level-flight
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speed to stalling speed. The present data show that
the SB2C-1 airplane will meat tris requirement only
when ths center of gravity is located forward of
24.5 percent mean aerodynamic chord in the gliding
condition and forward of 25-percent mean aerodynamic
chord in the landing condition. Regquirement D-6
Sreference 1) also specifies that there shall not be
ess than 1-inch stfck motion in going from the speed
for minimum power to the stall in either the gliding
or landing condition. This latter requirement will
be met by the SB2¢-1 airplane when the center of
gravity is forward of 29 percent mean asrodynamic
chord In the gliding condition and 28.3 percent mean
aerodynamic chord in the landing condition.

(e) The stability with stick free was lass than
with stick fixed. The stick-free neutral point was
between 3 and 4 percent of the mean aerodynamic chord
forward of the stick-ffxed neutral point in most
flight conditions.

(£) The elevator control. was such that it was
possible to maintain steady flight at the minimum
and maximum speeds required of the airplane.

The relatively large amount of friction in the
elevator-control system prevented the stick from returning
to its trim position when displaced. The friction was
also belisved to be responsible for an imﬁression of
instability obtained by the pilots when they attempted to
mafntain constant-speed flight, A detailed time history
of the stick force and movement during a run made in
airplane No. 00140 in which the pilot attempted to
maintain a constant speed of 207 miles per hour is shown
in ffgure 19. Continual variation of the stick force,
elevator angle, and normal acceleration is Indicated by
this figure, though the center-of-gravity location was
sufficiently far forward to provide stick-fixed stability.
The reason for the difficulty experisnced by the pilot
in holding a specified speed was believed to be a combined
effect of flexibility Pn the control system and friction
in the elevator hinge. 8Small movemsnts of the stfck
could be made without moving the elevator, but when the
elevator started to move it would overshoot the desired
position. The exact elevator angle required to trim at
207 miles per hour was therefore never attained and
continual adjustments had te be made, In order to verify
that the airplane possessed stick-fixed stability, the
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.pilot released the stick at the end off the record shown
in figure.19. The airplane settled down to a speed of
215 miles per hour and this speed remained constant for
several minutes of flight;. . During this time the elevator
was held fixed by the friction .in the system.

L The pilots. considered .the effect of the fric-
tion on'the' longitudinal characteristics t0 be undegirable.

The longitudindl stabflity of dairglane No. 00014
was 'not' investigated at indicated airspesds sbove aboutb
220 milés per hour, but several power-off dives were' made
'in airplanes 00056 and 00140 at indicated speeds up to
420 miles per hour and at Mach numbers up to 0.625., The
stick-ffxed 'and stick-free. stability characteristics of
the three airplanes tested differed to some extant at'
“low speeds. At high speeds, considerable gifference was
measured between the stick~fixed stability exhibited by
airplanes 00056 and 00140. The characteristics of' air-
plane No, 00140 were determined by recording the elevator
angles. required. in steady flight at 208 miles per hour
.and the variation of elevator angle throughout dives to
various speeds. On airplane No, 00.056, the' 'same ,informa-
tion was obtained except that the elsvator angles in
the dives were not recorded until just befors the dive
pull-outs. The variation of elevator angle with speed
during the dives of afrplane 00140 is plotted in fig-
~ure 20. The low- and high-speed elevator sngles obtained
_on airplkane 00056 are "alsoshown in this figure. It
appears that airplane 00140 became statically unstable
with stick fixed above about 320 miles per hour, whereas
airplane 00056 remained stable to the highest speed
tested, With the center-of-gravfty.positions used, both
airplanes had about the same degree of stability at low
Mach numbers. The stlck force In the dives of air-
plane 00140 varied from about 20 pounds push at the
start of the dive to zero just before the pull-out.

This force variation indicates stick-free static insta-
bility. The records during the dives were not smooth

and considerable variation.of normal acceleration occurred,
probably because of the effects of friction discussed
previously.

The characteristics of airplanes 00056 and
00140 at high speeds are outlined in this report to
extend the speed' range of the tests of.airplane 00014.
Several differences in ‘the stability characteristics
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of the three .airplanes, ,not completely reported herein,
were measured in the. range of normal flight speeds,

I-C. Characteristics of the elevator control in
.accelerated flight

The characteristics of the elevator control in
- accelerated flight were determined at moderate airspeeds
from measurements made In rapid turns at several center-
of~gravity positions. The bobweight was installed for
the most rearward center of gravity tested. Both stalled
and unstalled turns were made at several speeds. Time

. histories of typical stalled turns are given on figures 21
and 22. A time history of a typical steady turn such as
was used in obtaining the data Is given in figure 23.

The variation of elgvator angle with lift coefficient,

as measured in steady, unstalled turns, is presented in
figure 24 for the thres center-of-gravity positions
tested. From these same turns, the variation of elevator
stick force with normal acceleration was determined and
is gfven in figure 25 for the three center-of-gravity
positions, TFrom figure. 24 the, slope d&s/dC1. Wwas deter-
mined for the center-of-gravity positions tested and
plotted on figure 26 as. a function of center-of-gravity
position. From figure- 25, the stick force per g was
determined and also.plotted On figure 26 as a function

of center-of-gravity position. From the ddta presented
in figures 21 to 26, the following conclusions can be
made regarding the elesvator control of the SB2¢-1 airplane
Iin accelerated flight:

(a) By use.of the elevator 'control alone, it
was ﬁossible to develop the maximum 1ift coefficient;
of the airplane in maneuvers (figs, £1 and 22).

No attempt was made to develop the allowable load
Tactor.

(b) The variation of elevator angle with lift
coefficient was a smooth curve having a stable slope
for all center-of-gravity positions (fig. 24).

(c) The SB2C-1 will satisfy the requirement of
reference 2 that the slope of the elevator-angle
curve should be such that not less than 4 inches of

. rearward Stick movement is required to change angle
of attack from ¢ 'of 0.2 to cr,,, in the maneu-

vering condition of flight only when the center of
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gravity if forward of 24.6 percent mean aerodynamic
chord (fig. 24).

(d) The variation of elevator force with
acceleration was linear, within the scatter of the
experimental data (fig. 25).

{e) The sBC=1 airplane will have the desired
stick force per g, (3 to 8 pounds per g Require-
ment' D-4, reference 1) at center-of-gravity .posi-
tions from 28. to 30 -percent mean aerodynamic chord
without the bobweight and from 32.- to 34 percent
mean aerodynamic chord wfth the bobwefght (fig. 26).

From the data pressnted above and from the
static longitudinal stability data, it was.possible to
determine, the: binge-moment coefficients, Cn, and Chg

of the sB2¢-1 elevator. The values were =~0,0012 and
-0.0033, respectively. These value-s of hinge-moment
cosfficient are based on free-stream dynamic pressure
and a value of 48 feet cubed for the product of elevator
span and chord squared.

The chnracterfstips of airplanes 00056 and
00140 in accelerated flight at high speeds were deter-
mined in pull-outs from power-off dives. The stick force
per g normal acceleratfon is plotted as a function of
Mach number in figure 27(a) for afrplane 00056 and in
figure 27(b) for airplane 00140 with two center-of-gravity
positions. It will be noted that the. stick-force gradient
for airplane 00056 shows a tendency to decrease with
increasing Mach number. The stick-force gradient for
airplane 00140 is considerably greater 'than that; for air-
plane 00056 even with a more rearward center-of-gravity
position. This difference may be due to ,the modified
elevator nose shape. The stfck-force gradient again
tends to decrease as the Mach number increases, especially
with the more ‘'rearward center-of-gravity position.
Though the stick-force characteristics are plotted
against Mach number, it_ is not implied that compressi-
bility effects were entirely responsible for the observed
changes, inasmuch as considerable distortion of 'the ele-
vator fabric resulting from negative pressure inside the
surface was observed to occur at high speeds,
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I-D. Characteristics of the elevator control in
landing

The characteristics of the elevator control
in landing were determined by measuring the elevator
deflection required to make a power-off three-point
landing. The elevator deflectfon required to land is
plotted as a function of center-of-gravity position in
figure 28. A time history of a typical landing is shown
in figure 29. From the data obtained in the landing
tests, the following can be concluded:

(a) The elevators of the SB2c-1 airplane were
sufficiently powerful to perform a three-point
landing at the most forward center-of-gravity posi-
tion tested using only 23° of the available full
up-elevator deflection of 35°. It might, therefore,
be advantageous to decrease the available up-elevator
travel-while retaining the same control stick
motion, thereby increasing the mechanical advantage
of' the elevator-control system.

(b) The elevator forces of the SB2C-1 airplane
in landing did not exceed the allowable force of
35 pounds (reference 2) at the center-of-gravity
positions tested.

I-E. Characteristics of the elevator control in
take-off

In one test made to record the afrspeed at which
the tail could he raised, It wes found that the tail
started to.rise at an airspesd-of 52 mfles per hour. For
this run, the flight conditfons were flaps up, landing
gear down, 38 inches mercury, 2400 rpm, center of gravity
at 28.4 percent of the mean aerodynamic chord.

According to pilots'observations, the elevator
was adequate to: raise the tail or adjust the attitude
angle during take-~off after slightly more than half take-
.off speed was reached, Stick forces, however, were heavy.

I-F. Trim changes due to power and flaps -

The trim. changes caused by various changes in
configuration and power were measured at a speed of
120 miles per hour with the center of gravity at 23.7 per-
cent of the mean aerodynamic chord with landing gear down,
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or 24.2 percent, gear up. For these 'tests, the airplane
was trimmed in the climbing conditicn with an elgvator
tab setting of 0.2° tail heavy and a ‘ruddeér tab 'setting
of 10.80 nose right. These tab settings were held con-
stant while the trfm forces for the various configura-
tfons and power were measured. The results of these tests
are given in table I. It can, be seen by inspection Of
this table that the changes in elevator trim forces are
within the: value of 35 pounds specified by both refer-
ences 1 and 2. As noted in the following discussion,

1 . > 2 H 8 o 2 . P
OOy VMl SRRRE°R 8TSIST TR MM An SRt NGE® P

3-G. Characteristics of the longitudinal trimming
device

The power of the elevator trim tabs was deter-
mined in three flight conditions (climbing, wave-off', and
landing) by measuring the stick forces at various speeds
with two trfm tab deflections. The results of these tests
are given in figures 30 and 31, The data were evaluated
to obtain the force per degree trim tab change as a func=-
tfon of speed (rig. 32). The change in elevator hinge-
moment cosfficient per degree change In trim-tab angles
was calculated-arid is given as a function of speed in
figuré 33. The hinge-moment coefficients are based on
free-stream dynamic pressure and on the same value of
the product of the span and chord sguared as used- In
section I-C.

From ths foregoing curves, the Ffollowing con-
clusions may be shown:
(a) The power of the elevator trim tab was . . -
- adequate to reduce the elevator force to zero through-
out the speed range in all flight; conditions except
in the landing condition at speeds below 95 miles
per hour.,.

(b) The power of the elevator trim tabs was
only one-third as great in the landing condition as
In the wave-off condition. Therefore, if the ailr-
plane were trimmed full-tail heavy for a landing,
and then rated power were applied for a wave-off,
the push forces required for trim would become, .
excessive as the spead increased. This characteristic
is shown in figure 15(b) and in figure E1(b).



16

Table I, however, indicates that trim changes. due
"to 'power with flaps down are not excessive with the
'tab near neutral.

Considerable backlash existed ,betwsen the hand-
wheel in the cockpit and the trim tab, This' backlash
occurred between the handwheel and the irreversible
mechanism on the tab control. It did not, therefore,,
cause play in the trim tabs. Because of this charac-
teristic, however, it was difficult to obtain accurate
trim. tab settings in the tests. The trim tab would,
however, retain a given setting unless clianged mahually.

II. Requirements for Lateral Stability and Control

IT-A. Characteristics of uncontrolled lateral.. and
directional motion

The characteristics of the uncontrolled lateral
.and directional motion were determined! in the speed range
from 100 to 300-miles per hour for tke gliding and _
climbing condition and from 90 to 130 miles per hour .In
.the' landing condition. In these tests, the airplane was
trimmed’ for laterally level flight and continuous records
were taken While the pilot abruptly deflected the rudder
then released all controls. Typical time histories of
this, maneuver are given in figures 34 and 55. The vari-
ation of the period and number of cycles to damp to half
amplitude wfth indicated airspeed for the flight condi-
tfons tested is gfven in figure 26. Inspection of this
figure shows that the oscillations damped to half ampli-
tude within two cycles in all conditions,tested.
amplitude of the sideslip angle variation in these tests
was between 2° and 10°. For these amplitudes, therefore,
the reguirements of'reference 1 were satisfied. The
pilot noted, however, that in some runs at high speed the
lateral oscillations appeared to be poorly damped and
that a continuous oscillation of small amplitude might
exist. As shown in figure 36, the damping of the oscil=-
lations was becoming poorer as the speed incresased.

. In the dives of airplane 00140, continuous
lateral oscfllatfons or amplitudes hétween 0.2° and 0.7°
were observed in records taken in all 'the aives at speeds
ranging from 160 to 400 rnfles per hour. The rudder was
held fixed by the pilot in these dives, but it is possiblse
that a small motion of the rudder might have occurred
due to flexibility in the control system. From these
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records, Et was possible to extend the measurements of
the period of the lateral oscillation to 390 miles per
hour, as shown in figurs %6. The small amplitude lateral
oscillatfons were noticeuble to the pilot, especially at
high speeds.

The pilot attempted to obtain short-perfod
aileron oscfllatfons by abruptly deflecting the ailerons
and then releasing all controls, but there was no ensuing
oscillation of the aileron itself. Typical records of
this maneuver ars given in ffgure 37.

The ailerons did not return to trim at 200 miles
per hour because of the friction force.

IT-B. Afleron-control characteristics (ruddgsr
fixed) ‘

The aileron-control characteristics (rudder
fixed) were measured in abrupt aileron rolls in the
landing condition and In the clean condition with power
for level flight. Aileron rolls were made in the landing
condition at approximately 85 and 105 miles per hour
Indicated airspeed. Aileron rolls were made in the clean
condition at approximately 50-mil-e - per-hour increments
from 100 to 300 miles per hour indicated afrspeed.
Duplicate tests were made for the unsealed and sealed
aileron (fig, 8). Airplane 00014 had unsealed ailerons
at the start of the tests. The seals used were of the
type that has since been adopted for production models
of" this airplane.

Ffgure 38 gives time histories of typical
aileron rolls, The data obtained from the aileron rolls
were evaluated to determine the variation OF aileron
effectiveness pb/2v and change in aileron stick force
with change in total aileron angle, These data are
presented 'in figures 39 to 42, Figures 39 and 40 give
data for the clean condition of flight with the aileron
unssaled and sealed, respectively. Figures 41 and 42
pertain to aileron rolls made in the landing condition,
ailerons unsealed and sealed,respectively. From these
data, it was possible t0 determine the helix angle pb/2V,
total aileron deflection, and rolling velocity obtainable
with any stick force through the speed range of the tests.
Figure 43 gives values of these quantities obtainable
with a 30-pound stick force as a function of speed. The
rolling velocity in this figure is corrected to
10,000 feet altitude.
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The data obtained in the tests reveal, the
following facts about ths aileron-control characteristics
of the 3B2C~-1 airplane.

1. Throughout the speed range) the maximum
rolling velocity obtained in abrupt aileron rolls
varied smoothly with afleron deflection.

2. The variation of rolling acceleration wfth
time was in the corrsct direction following an abrupt
afleron deflection and no lag was evident In devel~
oping the rolling moment,

3. The effect of the seals was to increase
the aileron stick forces slightly at high speeds and
increase the sffectiveness slightly at low speeds.

4. For both the sealed and unsealed condi-
tions, ths ailsron effectivensss (pb/2v per degree
aileron deflection) at 100 milss per hour was approxi-
mately 60 percent of that obtained at 200 miles per
hour Or more.

5. The aileron effectivensss in the landing
condition (flaps and gear down, lesading-edge slots
open) was greater, at a given speed, than in the
clean condition. The aileron stick forces were
about thz same in both conditions of flight.

6. Because of the l0sSs in effsctivensss at
low speeds and t»e heavy stick forces at high speeds,
the ailerons fall far short of meeting the minimum
Navy requirement (Requirsment F-8, reference 1) that
specifies a value of pb/2v of 0.08 at speeds
between 140 percent of the stalling speed and 80 per-
cant of the maximum level-flight spesd, with a
3G-pound stick force.

7. The average value of d¢p/as for the left

and right ailerons for small deflections was approxi-
mately -0.0042 per degree, In this instance,
Chregresentstﬁw over-all hinge-moment coefficient
as affected by deflectfon arnd by the response of

the airplane in a steady roll, The value of

dCp/dé was almost constant through the speed range
except at 300 miles per hour, the highest speed
tested, where a slight increase was Observed. In
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order to obtain full deflection with a 50~pound

stlck foree at 202 miles per hour ' or 0.8 of the

maximum level-flight indicated’ speed, a value of
aCn/das: ofi -0,00195 would be requirea.

8. The stretch in the aileron-control system
in flight:was determined by measuring simultaneously
the angles of- the atlerons- and ‘the control stick.
The reduction in total aileron’ angle, due to stretch,
wWas approximately 0.9% per 10-pounds 6f stick forces
The stiffnessiof- the- system' therefore ‘meets the
Navy requirement:: = e L

II-C. Yaw due to ailerons
The yaW 4ue to allerons was measured in the
abrupt aileronirclls descrivéed above; Méxirum sidesliy
angle was nqt:reached IN agry of the roils attempted
because the ailerons were not kept deflected for a
sufficiently dorg itime (fig. 38).  The data presented
in figure 38 indicete that the Specified” maximum. angle
of sideslip (80 &+ 110 percent; 'of the mlnimum _speed)
will not be exceeded. ) y, RN
II~D. Limits cf rolling moment due tc §1deslip
(dlhcdral effect) : L

The rolllnp moment due to 81deslip vas measured
by recording iBe aileéron angle required in steady side-
slips. These-sideslips were mads by slowly. de?leoting
the rudder while using the ailerons and ¢levator to
maintain straight flight at a specified speed. , These
continuous records were read up at 3-second intervals.
The distance between the plotted points may .thérefore.
be used to determine the rate at which ths gideslip was
increased, The sideslip data are presented in fig-
ures 44 t0 50, . In the figures, rudder, elevator, and
aileron forces and deflesctions and the angle of bank
are plotted.as functions of' sideslip angle. .

»

From the foregoing data, the following may be

concluded concerning the dinedral effect of t£he 8BRC-1 air-

plane -

1. There Was considerablé’ pOSitiVE dihedral

effect inh all conditions as indicated by the amount
of aileron deflection required IN sideslips.
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- 2. The aileron force in'sideslips was in the
correct direction in all conditions. At low spesds,
However, the forces were of the same drder as the
4-pound aileron friction force and,therefore, the
control probably would not return to trim when
released.”

3. The rolling moment due to sideslip was
never so great that a reversal of rolling velocity
occurred as & result of yaw due to ailerons. There
was, however, an appreciable reduction in aileron
effecti'veness in low-speed aileron rolls fsec-

t3 -R) . i o i he large
Fodtuive hiWElFh rEFRB R attriputed to the dave

II-%. ‘Rudder-control characteristics

1. In order to determine the ability of the
rudder to overcome adverse aileron yaw, measurements
were made of the rudder deflection and force used
by the pilot in an attempt to hold zero change En
sideslip angle as the airplane rolled into a turn.
Tfme histories of this maneuver. at 100 miles par
how are given in figures 51 and 52, and at 200 miles
per hour In ffgure 53. In the rolls at 100" miles
per hour, sufficient rudder deflection was available
to overcome the aileron yaw, but the rudder force
required was approximately 250 pounds. This value
was considered excessive and exceeds the 1limit of
180 pounds recommended in reference 2. It is noted
that,in the rolls at 200 miles per hour, the pilot
used -considerably more rudder deflection than was

c-required to hold zero sideslip. With the correct
~amount of rudder deflection to overcome adverse -

yaw, however, the force at 200 mfles per hour would
still ‘be excessive.

2. The rudder control was sufficiently power-
ful to. maintafn directional control during take-off

and landing. A time history of a landing is given
in figure 29.

3. No tests were made to determine thé spin-
recovery characteristics of the SB2¢-l airplane.

4., As shown in figures 44 to 50, right rudder
force was required to hold right rudder; deflectlion
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- .and left rudder- foree. was required to hold left

rudder deflection in a1l f£light conditions tested

" except iN the. climbing condition-at 95 and 120 miles
~ per hour. In these -two conditions (figs, 48 and 49),

- there-was g reversal of the rudder-force Curves at

' f_about 159 sideslip angle. Therefore, Requirement E-3

. reference |, was not satisfied in these flight condi-
tions. Nb tests were made to check this requirement

in the wave-off' condition.

5. The hinge-moment coefficients, Chy and Chgy,

-of the rudder were estimated from the sideslip data
(figs. 44 to 50) and the data from the ruddér kicks
(figs., 34 and 35). Cnp 1s estimated to be -0.0028
and Chg, approximately zero.

II-F. Yawing moment' due to sideslip (directional
‘ stability)

1. As it 1S stated 1IN paragraph TII-C, maxinum
angles of sideslip due to ailerons wers not obtained,
- but it appears that the yawing moments due t¢ side-
slip (rudder fixed) were sufficient to restrict'.the
aileron yaw to 20°.

: 2. The yawing momsnt due to sideslip was
- always in the correct direction, indicating positive
directional stability (rudder fixed); that is, '
right rudder produced left sideslip «nd left rudder
produced right sideslip. The rudder deflection did
not guite vary linearly with sideslip angle. The

rudder-fixed directignal stapilitqa wags slightly less
ag S|des1|p angles of' less than 50than ut %arggr
engles.

3. The yawing moment due to sideslip (rudder
free) was found to be such that ths airplane would
always tend to return to zero sideslip, regardless
of- the angle of sideslip t0o which it was forced, In
all conditions of flight tested except IN the
‘¢climbing condition at 95 and 120 miles per hour,

- where rudder-force reversal occurred as discussad

in section II-g. If,at 120 miles per hour, .the air-
plane were flown in a sideslip with full left rudder,
a force of 100 pounds§ would be reguired to return
the rudder to ifs neutral position ({ig. 49).

....ol
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4.” The rudder angles and forces required to
trim- through the speed range ihn the various condi-
tions of flight are given in figures 12 to 15. There
i s N0 requirement specified for the change In rudder

trim force with gﬁeed but, the pilots felt that

r LN
the present ipgtance tho changeS in rudder trim ll‘orces

with speed were' excessive, . -
. TI-G. Cross-wind force characteristics

The variation of' cross-wind force with sideslip
angle was In the eorrect direction as shown by the vari-
ation of angle of bank-with sideslip angle (figs; 44
to '50) .

- IT-+H, Pitching moment due to sideslip

The pitching moments due to sideslip are shown
by the variation of elevator angle and elevator force
with sideslip angle (figs. 44 to 50). Approximately 1°
or less chenge in elevator angle was required at 95 miles
per hour when the rudder was moved 5° right or left from
. Its position for 'straight flight,

II~-I. Power of rudder and aileron trim tabs

The power; of the rudder trim tab was deter-
mined by a method similar to that used to determine the
power .of the elesvator trim tabs (section I-G). Fig-
ure 54 gives the rudder forces required to trim through
the speed range with two rudder tab settings, The rudder
force per degree change in trim tab setting is plotted
as a function of speed in figure,55. Thse change in
rudder hinge-moment coefficient per degree change in
trim tab angle is gfven as a function of spesd in fig-
ure 56.. These changes in hinge-moment coefficients are
based on free-stream dynamic pressure and on a value of
445 feet cubed far the product of the rudder span and
chord squared,

.o The above data show that the rudder trim tab
is sufficiently powerful to trim the rudder force to
zero throughout the speed range tested {100 to 320 miles
per hour),

No quantitative tests were made to determine
the power of the aileron trim tab. The aileron trim
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forces, hovvever, were small as shown by figure 57, which
gives the aileron force and deflection required to trim
through the speed range, in one particular flight. These
curves would be changed by varying the distribution of
fuel load in the wing tanks. The aileron trim tab was
reported by the pilot to be adequate for trimming the
airplane in all conditions encountered in the tests.

Backlash existed in the rudder and aileron
tab control system just as it did in the elevator trim
tab system (sesction I-G). The sileron and rudder trim
tabs would retain a given setting indefinitely unless
changed manually.

ITI. 8Stalling Characteristics

The stalling characteristfcs of the 8p2¢c-1 airplane
were determined in stalls mads by gradually decreasing
the spesd in straight flight. The motions of the air-
plane and of the controls were recorded by NACA Instru-
ments. No tuft studies were made and the effectiveness
of the controls with the airplane in a stalled condition
was not extensively investigated. The stability charac-
teristics and the maximum 1ift coefficients during the
stall approaches were determined. The gun ports were
covered wfth doped fabric throughout ths tests.

Time histories of° stall approaches in the various
conditions of Fflight ars given in figures 58 to 64. In
some cases, the motions of the airplane and the controls
after the stall are also presentsd. The stalling charac-
teristics may be summarized as follows:

(a) In the gliding condition (fig. 58) stall
warning was provfded by buffeting and by slight
pitching motion of the afrplane, Rolling instability
developed gradually. In the stall shown, the use
of the rudder in an attempt to maintain control after
the stall resulted in a rolling oscillation, The
Lift coefficisnt increased and decreased as the wing
alternately stalled and unstalled, SO that a steady
value of maximum lift coefficient could not be deter-
mined, Maximum values ranging from 1.5 to 1.6 were
obtained in various stalls.

(b) In the climbing condition (fig. 59), the
stall was preceded by mild rolling and. pitching
motions of the airplane, 4in initial tendency to

EW
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roll right was controlled by use of the ailerons.
Later the elsvator was moved up 15° and the airplane
showed no violsnt tandency to roll off. Considerable
shaking of the controls occurred with the airplane

in a stalled condition, The 1ift coefficient again
showed considerable variation. The average value

for five stalls was 1.9.

(c) Time histories of stalls in the landing
condftfon are given in figures 60 to 62. The effects
of differences fn hood. and cowl-flap position on the
stalling characteristics are shown by figures 60
and 61. With tho cowl flans and hood open (fig. 60),
buffseting and shaking Of the controls set in at a
speed of' 10 miles per hour above the stalling speed.
Almost full-up elevator angle was applied In order
to prevent the airplane from pitching down. No -
tendency to roll off existed. The maximum 1ift
coefficient reached in this run was 1.91, With
the cowl flaps and hood closed {fig. 61), no buf-
fetfng was cbserved until the maximum 1ift coef-
ficisnt was reached. The maximum lift cosfficient
of 2.2 was obtained with only 89 up-elevator angle.
Figure 62 is included to show the motion of the
airplane after the stall. The rolling motion was
very mild.

(d) In the approach condition (fig. 63), full
right rudder was required to mafntain straight flight
near minimum spsed. According to the pilot's notes,
a slow left roll occurred at the stall, The aver-
age maximum 1ift cesfficient in three stalls in the
approach condition was 2.4.

(e) In the wave~off condition (fig. 64), full
right rudder was insufficisnt to maintain straight
flight near the minimum speed. The maximum lift
coefficient appeared to vary in different runs
from 2.5 to 3.0. Apparently the ability to reach
a stalled condftfon fn straight flight was limited
by the lack of rudder power.

Time histories of stalled turns made to the

right and left at an acceleration of about 3g are given
in figures 21 and 22. INn veth cases the airplane rolled
right at the stall. The maximum lift coefficient was
about 1.36.
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A time history of a three-point landing is
given in figure 29, The average lift coefficient at the
time of' contact with the ground in eight landings made
with the 8B2C-~1 airplane was 1,97. Individual values
varied from 1.9 to 2.1. In general, the higher values
were obtafned when the 1ift coefficient was rapidly
increased before contact,

© CONCLUSIONS

/ 1. The short-period longitudinal oscillations of
the sB2¢-1 airplane were satisfactorily heavily damped,
The elevator, when suddenly deflected, .however, would not

return to the trim position because of the friction in
the elevator-control system.

2. The neutral static longitudinal stability point
%stick fixed) in the power-off conditions of flight varied
rom about 34 percent mean aerodynamic chord In the
gliding condition to about 31 percent for the landing
condition.

3. The application of power had a large desta-
bilizing effect, resulting in an appreciable forward
shift of the neutral points.

4, The stability with stfck free was lesg than
with stick fixed. The stick-free neutral point wasbetween
& and 4-percent mean aerodynamic chord forward of the
stick~fixed neutral point in most flight conditions.

5. The increase in stability caused by the 11'-pound
bobweight corresponded to a rearward shift of the stlck-
free neutral polInt of 5 percent of the mean aerodynamic
chord In all flight conditions.

6, The combined effect of flexibility and friction
in the elevator~control s stem_(t;ave the pilot an unde~
sirable impression of instability when ne attempted to
Tfly at a constant speed.

7. The stick force per g in maneuvers was
satisfactory (3 to 8 pounds per g) in the range of
center-of-gravity positions from 28- to 30-percent
mean aerodynamic chord. A decrease in the stick-force
gradient was observed in dive pull-outs at a Mach number
In the neighborhood of 0.6.
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8. The longitudinal trim changes due to power and
flaps were within the specified limits except when large
tab deflsctions were used for trim as in the landing
condition,

9. The elevator tab was sufficiently powerful to

trfm the airplane as desired in the various flight
conditions.

10. The control-free lateral oscillatfons with
amplitudes between 2° and 10° of sideslip damped to
one-half amplitude within two cycles, but continuous
lateral oscillations of 0.2° to 0.70 amplitude occurred
at high speeds. No short-period oscillatfons of the
ailerons existed-. .

11. The aileron-control effectiveness met neither
the Navy nor the NACA minimum requirements,

12. The maximum yaw due to ailerons was not devel~
opad but the data indicated that it would be less than

the specified value of 20° at 110 percent of the minimum
speed.

13. The dihedral effect was positive and quite large
in all condftlons tested.

14. The rudder provided sufficient directional con-
trol during landing and take-off, The rudder power was
also adequate to counteract the aileron yaw, but the
rudder forces were in excess of the specified 180 pounds
pedal force. The changes in rudder trim forces with
speed were found to be excessive.

15, The directional stability, rudder fixed, was
positive In all conditions and speeds tested. The
directional stability rudder free was positive in all
conditions and speeds tested with the exception of the
climbing condition at 95 and 120 miles per hour, In
these two cases, the variation of rudder force with
sideslip angle reversed at 15° sideslip, and the
direction of the forces reversed at 25° sideslip.

16. The pitching moment due to sideslip was within
the required 1imits, there veing less than 1° change of
elevator angle required for 5° change of rudder angle,

17. The power of the rudder and aileron trim tabs
was adequate.
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18, In most flight conditions, there was stall.
warning of one kind or another. There was sither
buffeting, shaking of the controls, or a gradual. deve-
lopment of pitching or rolling motion.

Langley Memorial Aeronautical Laboratory,
National AdVISQr¥ Committee for Aeronautics,
Langley Field, Va,, March 14, 1944.
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SUMMARY OF HANDLING CHARACTERISTICS SB2C-1

NACA FLIGHT DETERMINATION

AIRPLANE AS TESTED

PERTINENT OBTAILS:
WEIGAT 12000 TO 12672 LB

Cv Go RANGE 23 T0 23 %%
SPAN D72 FT
4.0, on FT
WING AREA 422 #12
AIRFOIL ROOT 230173 TIP 23009
TYPE FLAP 25° DIVE BRAKES AND

60° SPLIT FLAP
CONTROL SURFACE DEFLECTIONS 1

ELEVATOR (FROM THRUST AXIS) 36,6° UP
16.6° DOWN
AILERON {EROM WZJTRAL) 10,79 UP,
15,0° DOWN
RUDNER (#RCY THRUST AXIS) 26° LEFT,
29° RIGHT

TTPES OF CONTROL SURFACE BALANCE:

ELEVATOR INSET HINW TYPE
AILERONS FRISE TYPE; BALANCE TAB ON BT AIL.
RUDDER INSET HIUGE TYPE
BALANCE TAES ON ELEVATOR AND RUDGER LOCKED,

ENGINE AND RATING:

CURTISS-HRIGHT R=26800~8

TAKE OFF 1700 EP A? B+ L.
MILITARY 17W HP 8. L. TO 3000 FT
FORMAL 1500 BP 8. L. T0 6700 FT
FORMAL 1350 EP 6700 TO 13000 FT

LONGITUDINAL
C.G. POSITION FOR
FLIGHT LIPT NEUTRAL STABILITY
CONDITION | COEFFICIENT{STICK FIXED|STICK FHEB
GLIDING 1.0 34.0 30,2
CLIMBING 0.3 30.2 26,9
" 1.0 26.0 21,8
" 1.8 28.2 -
LANDING 1,0 0.8 30.1
" 1.4 31.5 -
APFROACH 1,0 28,1 25.0
WAVE-OFF 1.0 27.8 23,2
" 2.0 25.4 -
DIVE FLAFG 0.8 29,1 25,1
EXTENDED, 1.0 26.6
POWER ON . . 28,6
DIVE FLAPS
EXTENDED, 0.6 32,7 28,3
POWER OFF

LATERAL
ATLERON POWER:
K] 0
w O
E «06 ‘
2 .osfHHTR 50 15
N ERENNY |
I SEALED -
alx m%mmw 30 15
o Mo ]
109 200 300

INDICATED AIRSPEED, MPH

] BOBWEIGHT GLVING 11 1B, POLL ON STICK,

CAUSED A REARWARD SHIFT OF THE NEUTRAL POINT
(STICK FREE) OF 5 °/o M.A.C. FOR ALL CONDI~
TIONS.

MANEUVERING CEANACTERIS TICS:

20 NG

g
g

FORCE PER G

1

o LLE

20 30 «
CG.POSITION, ©/, MAC

CEARAGCTERISTICS AT HIGH SPEEDS:

- YORGE PER G IN DIVE PULL~OUTS ED BY

ABOUT 8 POUNDS PER G ‘1IN GOING FROM MACH
EUMBERS OF 0.3 T0 0.826 4T 2000 FEE?.

TRIY CHANGES DUE T0 POWER AND VARIOUS
CONFIGURATIONS 1

AT 120 WPH; BLEVATOR TAB SETTING OF 0.20
TAIL HEAVY AND A RUDZER TAB SETTING OF 10.8
NOSE RIGHT; CG AT 23.7 8/e N, WHEELS
WP, OR 242 °/o M,A,C,, WHEELS DOWN.

FORCE VARTATION WITH DEFLECTION:

¢ o HEERT T
= N
a _ il +l‘%ﬂl__..-
g 4 |
& 2 r & 01
. 2 AT
= 7
o
g€ o j
1 )
£ = | %
@ ALED
40 NSEALED
60 H
¢ g oA
: 20 20

1F. CHANOE TOT.AIL.ANGLE, DEG RT

DUE TO 1088 OF EFFECTIVENESS AT L&
SPEEOS AND HEAVY STICK FORCES AT HIGR SPEELS,
TRE AILERONS ¥ALL SHORT OF uEBTING NAW OH
NACA REQUIREMENTS.

RUDDER FORCE

AILERON TRI¥ CHARACTERIS TiC3:

LARGE AILERON TRIM ¥ORCE VARIATION3 AT
HIGH 3FEED,

AILERON ANGLE AND FORCE MAY BE CHANGED
CONSIDERABLY B¢ GAS LGAD IN WING TANES AS
WELL A8 AILERON TAB SETTING.

CONDITION | ELEVATOR FORCE
CONTROL FRICTION {AVERSOE VALUES NEAR
NEUTRAL): CLIMBING J 8 LEF

) GLIDING 14,0 FULL 62 °

ELEVATOR e LANDING 4.0 © 8 "

VAVE-OFF 3.5 ® 6 "
AILERON 418 APPROACH 0.7 ™ a5 "
RUDDER 1s 13 ELEVATOR TRIM TABS ADEQUATE IN ALL CONDI-

TIONS EXCEP? LANDING DELOY 96 MPH. ELEVATOR
REMARES « TRIM TABS 1/5 AS POWERFUL IN LANDING CONBITION

§TICE CONTROL,
CONVENTIONAL UNDING GBAR,

810TS' IN LEADING EDGE OF 1
AILERONS OPEN WHEN LANDING

AHEAD OF
! IS DOAN

MANUFACTURED BY
CURTISS-WRIGHT CORP,., AIRPIANE DIVISION,
COLUMBUS, OHIO.

PERTE AP WD MAME NNMRSTS MAND OS5 ATDDVAwvo
SERE AT NIOH MACKH DUMNEES MADD OF ATRFLANDS

0O0RS AED 0D140.  ALL OTHER FiYING QUALIYIES

RIS KAVE (H AIRPIANE 00014,

wch

FER%%93, W,H., WILLIAIS, W.C.,, AND ROOVER,
Wil.t MUEASURRMERTS OF FLYING QUALITIES OF
A GHRYIZS SB2C-) AIRPLANE (M), 00014).
O,8.K» FOR BUR. 4880., NAVY DEPT,,
Bifs 1€, 2064y

AS IN NAVE—OFF, EXCESSIVE PUSH FORCES RESULT
IF N U POWER IS APPLIED WHEN TAB-IS FULL
TAIL~HEAVY,

CONTROL IN LakpING AND TAKE OFFs

ADEQUATE 70 CENTER OF GRAVITY OF 14 ®/a
YAC.

DYNAMIC:

MO SHORP PERIDD OSCILLATION WAS OFTAINED

SHORY PERIOD CSCILLATICH ¥AS OBTAINED

WITH OR WITHOUT BOBWEIGHT.

DIBEDRAL EFFECT: g
£
@ 20 20
2 vy = 95 MPY| ANGLE 1 é
8 IHromn o i 8
: HH cLEa d
g TrheAd]
<0 o &
=] b z
< =
3 5§
=
2 . A [,
. 2 2o
g 20 4] 2
LT. SIDESLIP ANGLE,DEG RT.
POSITIVE OIHEDRAL EF¥ECT IN CONDITIONS.

REMARES 3
TALL BUFPETING REPORYIED AT 290 TO SOD KHOTS

| WIPH THE DIVING BRAKES AT $0°,

OPEN COWL FLAPS IN CLIMB CAUSE TAIL
BUFFETING AT APPROXKIMATELY 135 KNOIS.

REMARES 3

AT LW SPEEDS ATLERON FORCE IN SIDESLIP WAS
OF THE SAME MAGIITUDE AS THE FRICTIONAL FORCE.
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SUMMARY OF HANDLING CHARACTERISTICS sB2C-1
NACA FLIGHT DETERMINATION - CONCLUDED

YATTNG MOMENT DUE 70 SIDESLIP: o PLIGHT AVERAGE WARITTEG
- o 21 CONDITION | MAXIMUM LIFT or
% 5o lpF ANGLE 1-V; = 120 HPH COEFFICTENT REMARKS
' posn oy 1 8
B 20 CLEAN (—1—-200 3 aLLDING 1.6 BUFFETING AND
S 2 SLIGHT PITCH-
el 10! ',:‘ 100 E | NG ITCH
2 o—p LNk lo
= 0 100 CLIMBING 19 WMILD ROLLING
g 10T : AND PITCHING,
S 20 FCE PIYN CONTROLS S HAKE-
2 RN H - 186
oy Tt T
5 0210 0 102630 . LANDING, COWL BUFFETING AND
AND HOOD OFEN 1.9 SHARING OF
LT. SIDESLIP ANGLE,DEG RT. CONTROLS.
RUDDER REVERSAL LOES NOT OCCUR IN GLIDING
0R LANDING CONDITION; AND, SE To URGE LANDING, COWL 2.2 BUFFETING AT
RUDDER FORCES LINITING THE ANGLE OF SIDESLIP, AND HWD CLOSED MARTMU
FEVERSAL #AS NOT OBTAINED IN CLIMBING CONDI-
TION AT HIGE $PEED. APPROACH 24 FULL RUDDER
NECESSARY,
RUDDER TRIM GHARACTERIS TICS ¢ WAVEOFF 26 7030 | FuLe rupoEr
FORCE THSUFFICIENT
FUDDER TAB SETTING | POWER
100 MPH | 500 MPH LEFT 1809 TURN 1,33 STALLED AT 8,4¢g,
ROLLED RIGHT.
1,7° RIGHT ON | 69 RIGHT | 128 LEFT
1.7° RIGHT OFF |44 LEFT |186 " RIGHT 1800 TURN 1% STALLED AT 3/4g,
ROLLED RIGHT.
ITCHING MOKENT DUE 70 SIDESLIP
F S LANDING 19 ACTUAL THREE-
LESS THAN 1° OF SLEVATOR REGUIRED FOR SIDE- POINT LAKDIFGS .
SLIP REQUIRIKG 6° OF RUDDER WCEPT AT LOW

$PEEIE IN THE CLIMBING COWDITION, RIGHT SILE- STRAIGHT FLIGHT:

SLIP.
IN THE GLIDING COBDITION, BUFFETING AND
DYNAMICs SLIGHT PITCNING SERVE AS WARNINGS, AND ROLLING
INSTABILITY DEVELOPS GRADUALLY, WITH FOWER
(GCILLATIONS DAMFED TO 1/2 AMPLITUDE IN ON, LIGHT AILERON SNATCHING STARTS BEFORE THE
APPROXIVATELY ONE CYCLE. AT LG SPEEIS, STALL. AND MILD LATERAL INSTABILITY OCUTRS AT
RUDDER DIU NOT RETURN TO TRIM POSITION. THE STALL.  IN LANDING COMDITION, BUFFETING
OF THE AIRPLANE AND SHAKING OF THE CONTROLS
GIVE AMPLE WARNING, AND AT M E § TALL ONLY
REMARKS ¢ PITCHING INSTABILITY DEVELOPS.
AT LO¥ SPEELS THE ANGLE OF BANK OBTATKABLE
WITH FULL RUDDER IS APPROXIMATELY &°, TURNING FLIOHT:

THERE IS NO WARMING, BT AS THE STALL IS
PEACHED, MILD LATERAL INSTABILITY DEVELOFS
WHICH I8 EASILY CONTROLLABLE,

BOUB MANTFOLD
fLIGET | AND - LANDING | FRONT | REAR } COWL RPM PRESSURE
CONDITION | VISION GEAR | HOOD | HOOD | FLAPS IN. EG AT
DOORS 5000 BT.
GLIDING | CLOSED up up | cuoseo | cLosen| cLesen | PovER OFF] POWER oFF
CLINBING " " 4 " " OPEN 2400 38
LAXDTNG " D powt | oeew | " CLOSED | povieR OFF} POWER OFF
APPROACH " 1/2 DOV " " " OPEN 2400 21
WAVE-OFF " DN " " 2400 38
DIVE FLAPS DIVE FLAPS N " ) )
OPEN OPEN oPEy up POWER .OFF | POER OFF
DIVE FLAPS DIVE FLAPS
OPEN * oPEN " " 2w 26
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Inboard end

fRbric Ssap/
(hinge gafs unsea/ed,

©

37 in Hom mboard end
(Section DL Frod

Hollow rivets
Spaced . .

Detail of trailing edge, full size

o

Ouvt board erd

A/’/eraq metal coverad excest fower Surface from soar
to trailing edge,ntich is fabric caeved

Flgure 8.« Typical aileron sections, Curtiss 3B2¢-1 airplane,
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Plgure 10.- Sketch of bobweight installation in curtiss sp2¢-1 airplane.
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airplane condltlons tented.

Curtlss sB2¢~1 airplane.

| O EAREE2ZRNEIENNEEARRERE 4
clgl Wosition, | | percent] VIAL. ‘
S i 2l ave + 0FF | dondilion|. .
Flgure 18- Plots showing sﬁck—fixed and stick-free f\eutrél points fio‘r the various
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¥igure 63.- Pime history of a stall in the spproach condition (flaps one-half down,

;
kk
i
T
W -
H
!
!
:
+
T
..... H
TS
f ]
H o o L4 R
; o Il
! s
3 i ok
8 I
4 pazss
e ot
o u W v% s
W yu MENY 1y T ] p
!
...... %
1 uun g byl T
i mmshm s jototoyd g bt iy bt *aw
~ BATARE, oo AREMERS Vo NEWANERL . AATEWALE (RXSAREAL u, SRENEAL 4o vAREERA: mwr. sna pois Anaa axEa EEad e Tame:
e N e e e T T e DN R T NN SEIRRRCS, IREREEIA MENEELL IEEEE LT IERIIL HaEEE e
a:
3
Hy
H 2 :
£ ; it
t
! £ t
£ }

2

TLG™T ~ -



Ianding" V

T yugt T T : T t :
3 A " s H if T H + t +
A5 L R ; t ? : _
T 1 Ran s o5 T+ a T a e
= ] + e
T
i
1
b = H = o
£
: ;i
T i
X
1
X eatafuiansil
: 3
+ Snted
t HH
] FH
; 19
‘M!. LV
: - 3t A
: ] e
T St
N \
: ; N
.wuuu
SEhTIRESETNGER i m P
SR 13 1 P
¥: a0 gun 1y saznpamsn s 2% i R
H i Raal
N SEERNELE HE
RN EgRaRkanny oh ﬂ I 353
TR o e Easn
Rou ) jiue ¥ aRaR
e REER _

@

Titit

HH
1
i
i

R fiiE 31 e
= it it

RRERNY
i
!

Plgure 6blj.= Pime history of a stall in the wave-off condition (fiape dom,

N

Re AN

Pl

£

i
T e

RN

;3
NF

NT
o
ks
i
T
s
{53}
i

T

e d : e Ry

lssed, rated

rodymanic

Center of gravity at 27.8 persent of the mean ae

gear dows, front hood open, rear hoed clod, eewd flaps ¢
Curtlise SB2c-1 airplane,

power),

chord.



